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Introduction
Suicidal behaviour continues to pose major challenges to (mental) health care. Suicidal behaviour is closely associated with mental health problems, with the most common being depression, substance use and anxiety disorders [1] [2] [3] [4] , so their treatment can be expected to contribute substantially to suicide prevention. However, the effect of psychotropic medication on suicidal behaviour is a matter of debate since decades. The possibility that the use of antidepressants may lead to an increase in suicidal behaviour has led the Food and Drug Administration (FDA) to introduce a black-box warning, following which their use decreased but suicide rates increased in particular age groups [5] . In addition, while psychotropic drugs have an established efficacy in treating psychiatric disorders, early pharmaco-epidemiological studies have suggested a positive correlation between rates of their prescription and those of their use in non-fatal suicidal behaviour [6, 7] . A recent study showed that subjects using a psychotropic drug during a self-harm act are more likely to have had recent prescribed access to any psychotropic drug and to the drug type used prior to the self-harm episode when compared to those not using any psychotropic drug in a self-harm episode [8] . A better understanding of the link between rates of drug prescriptions and those of self-harm acts can be expected to contribute substantially to the prevention of suicide. For every suicide there are many more people who attempt suicide every year [9] . A prior self-harm act is the single most important risk factor for suicide in the general population and intentional drug overdose is the most common method of self-harm in people who present to hospital, being used in 68 to 80% of self-harm episodes [10] [11] [12] [13] [14] [15] [16] . Previous studies have documented a positive association between alcohol use and self-harm [17, 18] . Consuming alcohol within six hours of and as part of the act of self-harm increases the lethality of acts of self-poisoning, e.g. those involving paracetamol, co-proxamol and sedatives [19] . The majority of self-harm cases involve their own home medication or prescribed medications, while over-the-counter (OTC) medications are less likely to be chosen for self-harm acts [20] [21] [22] [23] . Given these consistent epidemiological findings it can be hypothesized that the rate of prescribing of medication influences the occurrence and characteristics of non-fatal suicidal behaviour. In addition, the association between the use of prescribed medication during a self-harm act and prescription rates in Flanders has not yet been investigated. This study extends previous research by utilizing two large Flemish monitoring systems.
The present study therefore aimed at investigating an association between the use of prescribed medication as a method of self-harm and prescription rates of these medications in Flanders. We hypothesized that an increase in rates of prescribing is associated with an increase in the number of non-fatal self-harm acts with that medication. We thereby investigated the possible effects of gender and also the effects of alcohol use during the self-harm act and a history of self-harm as they are strongly associated with suicidal behaviour [17, 24, 25] .
Method

Definitions
The general term suicidal behaviour refers to a range of thoughts and behaviours i.e. suicide ideation, deliberate self-harm, attempted suicide and suicide [26] . The term 'attempted suicide' is commonly used for episodes in which there was at least some suicidal intent (i.e. a wish to die). The term 'deliberate self-harm' is often used regardless of intent which implies that ascribing intent is avoided rather than implying a lack of intent [27] . In this paper we used the term 'self-harm', as this term refers to self-injury or intentional self-poisoning regardless of apparent motivation or the extent of suicidal intent [28, 29] . We prefer to use the term 'selfharm' instead of 'deliberate self-harm' because the prefix 'deliberate' is judgmental while the extent to which the behaviour is intentional is not always clear [28] . The monitoring study uses the following definition of self-harm: "an act with nonfatal outcome, in which an individual initiates a deliberate, well-considered, and unusual behaviour, that without intervention of another will lead to self-harm or destruction, or when an individual deliberately takes a substance in higher quantity then subscribed or generally suitable doses, with the intention by means of actual expected physical consequences to initiate desired changes" [30] . This definition was developed by the WHO/Euro Multicentre Study.
Catchment area and population under study
Flanders is a district in the northern part of Belgium, bordering with The Netherlands, Germany and France. In 2013 there were 6,381,859 inhabitants in Flanders, including 3,151,466 males. 3,938,104 inhabitants were aged between 18 and 64 years. In 2013, 51% of the Flemish people indicated the experience of psychological problems, the most common are sleep problems, anxiety problems, burnout and mood problems [31] . The Flemish suicide rates were 1.5 times higher than the European mean suicide rate in 2013. In Flanders, in the year 2013, the total suicide rate per 100,000 inhabitants was 16.3 (in comparison, rates were 6.3 and 32.6 in Italy and in Lithuania, respectively) [32] . Compared to self-harm rates found in other monitoring studies such as Ireland (199/100,000) [33] and Oxford (293/100,000) [34] , Flanders had lower self-harm rate in 2013 (156/100,000) [35] .
Ethics statement
The ethical committee of the University hospital in Ghent approved the study (titled: De epidemiologie van suïcidepogingen in Vlaanderen: 2008/675) according to the principals expressed in the Declaration of Helsinki. Data were analyzed anonymously.
Prescriptions
The IMA (agency of the Belgian health insurance; Intermutualistisch Agentschap) supplied the data on the prescriptions of drugs in Flanders belonging to five ATC (Anatomical Therapeutic Chemical Classification) codes including (1) N02B analgesics and antipyretics (including paracetamol and acetylsalicylic acid) (2) N03A anti-epileptics (including phenytoin, carbamazepine, valproate and pregabalin); (3) N05A antipsychotics (which included haloperidol and pimozide (4) N06A antidepressants (which included SSRI antidepressants such as citalopram, sertraline, escitalopram and tricyclic antidepressants such as clomipramine, imipramine, doxepin) and (5) N06B psychostimulants, including agents used for ADHD and nootropics (which include atomoxetine and methylphenidate). The IMA provided information about the number of people who received a prescription of the specified medications. Rates of prescribing were calculated per 1,000 population using annual population estimates from 2008-2013. For example, in 2013, 620,337 persons of the 6,365,598 Flemish inhabitants (97.45 persons per 1,000 inhabitants) received a prescription for an antidepressant.
Self-harm
We used data from the monitoring study of self-harm in Flanders on individuals who presented with self-harm to the emergency departments of 31 General Hospitals and two A semi-structured interview is used by clinicians and nurses as part of a psychosocial assessment. In this study we used data collected by means of this interview. The dataset includes information on demographics (age, gender), characteristics of the self-harm act (including which drug(s) were ingested in overdose), and history of self-harm. Patients who overdosed on medication from the described ATC groups at any time during the study period, either alone or in combination with other substances, or in combination with selfinjury, were selected from this population. Event-based data rather than person-based data were used in the analyses, as the study focused on the ingestion of specific drugs rather than on personal or clinical characteristics.
Statistical analyses
Prescription rates (numbers of prescriptions per 1,000 population) were calculated for each year (2008-2013) for the five drug groups using prescription and population data for Flanders.
Frequencies were calculated to describe the sample. All statistical analyses were performed in R version 3.4.1. Using Generalized Estimating Equations (GEE), the correlation in response was accounted for by modelling the covariance pattern. By specifying an exchangeable covariance pattern, we assumed that all correlations are the same. Robust standard errors for the estimates were used to compute the 95% confidence intervals. For the GEE analysis the subjects are nested within years and provinces, the variables history of self-harm, alcohol use (both categorical variables) and prescription rates (continue variable) were used as covariates and gender as between subjects factor. The 95% confidence intervals (CI) of the Odds Ratio (OR) are described. Data analysis was carried out relating to all self-harm acts in which intentional drug overdose was involved with medication with the following ATC codes N02B (analgesics and antipyretics), N03A (anti-epileptics), N05A (antipsychotics), N06A (antidepressants) and N06B (psychostimulants).
Results
During the study period, the monitoring system reported 9,487 episodes of self-harm in the participating hospitals in Flanders between 2008 and 2013 ( Table 1) . The majority of self-harm patients were female (61%). The mean age for both genders was 39 years. Among the 9,487 self-harm acts, 7,388 (78%) involved self-poisoning only (overdose medication and/or self-poisoning with pesticides or gases and unspecified chemicals and noxious substances), while 1,622 involved self-injury only and 471 involved both self-poisoning and self-injury. For 6 episodes, the used method was unknown. The ingestion of an overdose of medication accounted for 81% of the self-harm episodes. Females reported significant more intentional drug overdose during the self-harm act than males (86% vs 72%; χ 2 = 320.42, p < .01). In 6.2% of the self-harm episodes, multiple medications with different ATC codes were used, significantly more common among females than males (6.9% vs 5.2%; χ 2 = 11.52, p < .01). Antidepressants in combination with antipsychotics were used in 2.7% (n = 259) of the self-harm acts. The second most used combination were analgesics and antipyretics and antidepressants (1.7%; n = 40). In 0.5% (n = 21) of the self-harm episodes three types of medication were used during the act for example anti-epileptics in combination with antipsychotics and antidepressants or analgesics and antipyretics in combination with antidepressants and psychostimulants. In 29% of the self-harm episodes alcohol was involved during the self-harm act, significantly more common among males than among females (34% vs 26%; χ 2 = 68.75, p < .01). Significantly more females than males had a history of self-harm episodes (56% vs 47% χ 2 = 53.83, p < .01).
Fig 1 shows the trends in prescription rates (e.g. the number of people who received a prescription of the specified medication) for the five ATC groups. The prescription data for Flanders showed a significant increase in prescription rates of analgesics and antipyretics (χ 2 = The prescription rates for analgesics and antipyretics, anti-epileptics, antipsychotics, antidepressants and psychostimulants in the general population and the percentage of self-harm acts where intentional drug overdose was used as method (e.g. 81% of the self-harm acts) are shown in Table 2 . The median of prescription rates was higher among females than among males for four out of five ATC medication groups. The median for medication with code N06A (antidepressants) was almost two times higher among females (124.9/1,000) than among males (63.9/1,000). Antidepressants were the most commonly prescribed medication among both females and males. The median for medication with ATC code N06B (psychostimulants) was more than 3 times higher among males (5.7/1,000) than among females (1.5/ 1,000). From 2008 to 2013, the largest proportion of intentional drug overdoses could be attributed to medication with ATC code N06A (antidepressants) and N02B (other analgesics and antipyretics) during self-harm acts with intentional drug overdose in both males (20% and 16%, respectively) and females (25% and 17%, respectively). During the study period, females (25%) significantly ingested antidepressants more commonly (N06A) during a self-harm act involving intentional drug overdose than males (20%; χ 2 (1) = 12.68, p < .001). The median of prescription rates for anti-epileptics (N03A) was higher among females (18.9) than among males (15.9), yet males ingested this medication marginally significantly more commonly during a self-harm act with intentional drug overdose than females (3% vs 2%; χ
2
(1) = 3.63 p = .057). Overall, the anti-epileptics (N03A) were less commonly ingested in overdose than their use in the community would predict, in both males (3%) and females (2%). Table 3 shows the odds ratios of using particular medication in self-harm episodes among males and females. A particularly relevant finding is that among females who self-harm, the odds of using antidepressants during the self-harm act were expected to increase with 0.8% when the rate of prescription increases by 1 prescription/1,000 inhabitants (95%CI 1-1.015). Among males who self-harm, the odds of using antipsychotic medication during the self-harm act was expected to increase with 5% when the rate of prescription increases by 1 prescription /1,000 inhabitants (95% CI 1.017-1.088). Among females who self-harm, the odds of using antipsychotic medication during the self-harm act was expected to increase with 2% when the rate of prescription increases by 1 prescription/ 1,000 inhabitants (95% CI 1.006-1.034). Table 3 also shows the results of the Generalized Estimating Equation for the five medication groups, per gender, with alcohol use during the self-harm act, and with a history of selfharm. When males used alcohol during the self-harm act, the odds of using analgesics and antipyretics during the self-harm act increased significantly by 36% (OR = 1.363, p < .01). Among females there was no such significant effect (OR = 0.803, >.05). The odds of using analgesics and antipyretics during a self-harm act increased significantly when there was no history of self-harm episodes, 28% in males (OR = 0.719, p < .01) and 26% in females (OR = 0.737, p < .01).
The odds of using anti-epileptics during a self-harm act increased significantly when females used no alcohol during the self-harm act (OR = 0.54, p < .05) and when there was a history of self-harm episodes (OR = 1.99, p < .01). Among males there was no such significant effect.
The odds of using antipsychotic during a self-harm act increased significantly when males used no alcohol during the self-harm act (OR = 0.739, p < .05) and when there was a history of self-harm episodes (OR = 2, p < .001). The odds of using antipsychotic during a self-harm act increased marginally significant when females used no alcohol during the self-harm act (OR = 0.823, p = .059) and when there was a history of self-harm episodes (OR = 2.409, p < .001).
The odds of using antidepressants during a self-harm act increased significantly when males used alcohol during the self-harm act (OR = 1.31, p < .01) and when there was a history of self-harm episodes (OR = 1.581, p < .001). The odds of using antidepressants during a selfharm act increased significantly when females had a history of self-harm episodes (OR = 1.476, p < .001). There were no significant results with regard to the odds for using psychostimulants, neither in males nor in females.
Discussion
As far as known to the authors this is the first study of the association between rates of prescription of particular drugs and those of their use as a method of self-harm during an intentional drug overdose at a population level. The results can be summarized as follows. Between 2008 and 2013, antidepressants and analgesics and antipyretics are the most commonly prescribed drugs in females, while antidepressants and antipsychotics were the most prescribed drugs in males. Antidepressants and analgesics and antipyretics are the most commonly ingested drugs during a self-harm episode using intentional drug overdose. Analgesics and antipyretics are more commonly used in first self-harm episodes, while overdoses of antidepressants are more commonly involved in repeaters. Antidepressants are significantly more commonly used in intentional drug overdose among females than among males. These results are very similar to those of the study of Townsend et al [36] and Tournier et al [21] . Non-fatal suicidal behaviour may be facilitated by the used medications through means other than the prescribed medications, a study has shown that a large proportion of those who had used violent methods had combined suicide method with poisoning. For example, more than half of those who had completed suicide by drowning had also taken other substances such as alcohol and opioids [37] .
Preceding a discussion of these findings in terms of their relevance for the prevention of suicidal behaviour a few methodological issues need to be addressed. The study was carried out in subjects admitted to general hospitals, therefore the self-harm study group included no subjects with self-harm who were treated in other facilities or medically unidentified. We also have no information about patients who needed an intensive or surgical procedure following their severe self-harm act, as they were not seen by a psychologist/psychiatrist directly after admission. This indicates a possible under reporting of the real number of people who selfharm in Flanders. Since the number of self-harm acts involved is large, the findings are likely to be representative. This limitation may have a bias on the types of medication that was used during the self-harm act. The patients who were not admitted at the emergency department after their self-harm episode may have taken a different kind of medication compared to the patients who were admitted. The over-the-counter availability of analgesics and antipyretics was not taken into account in this study. The presence of analgesics and antipyretics is probably underestimated given that these drugs are widely available without prescriptions. The types of medication ingested during the self-harm act were identified during the psychosocial assessment with the patient and not using objective measurements, such as a blood test. The accuracy of the results thus depends on the patient statements. As a final limitation of this study, we can state that the semi-structured interview that was used during the psychosocial assessment is not a standardized and validated instrument.
Implications for suicide prevention
Numerous factors contribute to the occurrence of suicide which is never the consequence of one single cause of stressor. The Integrated Motivational-Volitional (IMV) model of suicidal behaviour is a tri-partite model that describes the biopsychosocial context in which suicidal ideation and behaviour may emerge, the factors that lead to the emergence of suicidal ideation and the factors that govern the transition from suicidal ideation to suicide attempts/ death by suicide [38] . The final phase of the IMV model outlines the factors (volitional moderators; VMs) that govern the transition from suicidal ideation to enaction. VMs can be environmental and having access to means of suicide is an important risk factor for suicide [38, 39] . Access to means for self-harm or suicide is an important component of suicide prevention, and a limitation in such access has been clearly shown to reduce rates of suicidal behaviour [40] . Since this study shows an increase in annual rates of prescription of antidepressants and in their ingestion during self-harm episodes, particularly among repeaters, the availability of medication indeed appears to be an important given for the prevention of self-harm. Physicians have to take in consideration that prescribing medication contributes to this availability. Depression is a key risk factor for repetition of self-harm [41] and it is therefore likely that repeaters have been prescribed antidepressants more commonly than first-ever self-harmers. The latter may have thus less access to prescribed medication and therefore more commonly use analgesics and antipyretics, which are easily available without prescription. The association between antidepressant prescriptions and their use in self-harm does not implicate that taking such medication lead to an increase in self-harming behaviour. Given the link between self-harm and psychiatric disorders, and depression in particular, the availability of antidepressants will be greater in individuals who self-harm than in the general population (probably in a similar way as patients who die from a heart attack more commonly will have taken cardiology medication).
Antipsychotic drugs are the third most commonly used medication during an episode of intentional drug overdose, and an increase in their use was paralleled by an increase in the number of prescriptions of antipsychotic medication in Flanders. Such a positive correlation is not found for analgesics and antipyretics, which are the second most commonly used drugs for self-harm. This is probably due to the fact that these drugs are widely available without the need for a prescription.
The current results underline the importance of the availability of medication for the prevention of suicidal behaviour. The beneficial effects of limiting the availability of medication on the occurrence of suicidal behaviour have already been shown elsewhere, including restrictions in the number of prescriptions and prescribed tablets and complete withdrawal as a prevention strategy in Ireland, the UK and Denmark [42] [43] [44] [45] [46] . It should be noted that these examples involve analgesics medications that are toxic in overdose, and the examples thus do not generalize to psychotropic medications. In effect, it would be potentially dangerous to recommend reducing or withholding such psychotropic medications on the basis of a plan to reduce suicide rates as this could well lead to an increase in suicide rates [47] [48] [49] . In addition, more recently developed psychotropics such as SSRIs are relatively safe when taken in overdose without alcohol or other medication [50] . Nevertheless, the current findings suggest an important role for physicians and pharmacies in this context. Prescribing small amounts of medication and close monitoring of their intake are crucial. Returning unused medication to the pharmacy is advisable [21] . Physicians should be aware of other medications their patients have access to [51] . Prescription Drug Monitoring Programs (PDMP) as developed in the US provide a good example of a database which contains information about the dose, supply and prescriber of scheduled drugs the patient has filled and which is accessible to prescribing physicians and to pharmacies [52, 53] . Training, particularly of physicians who deal with patients at high risk of suicide, can also be an effective method to influence prescribing behaviour and to highlight the importance of collaboration between colleagues and health services [54, 55] . Moreover, consideration should be given to psychotherapy, such as cognitive therapy, problem-solving therapy or interpersonal psychotherapy (whether or not in combination with antidepressants), its efficacy in preventing repetition of self-harm has been clearly demonstrated [40] .
Conclusion
This study shows an increase in the odds of using antidepressants and antipsychotics in episodes of self-harm when the rate of their prescription increases. While analgesics and antipyretics and antidepressants are the most commonly prescribed drugs among females and antidepressants and antipsychotics are the most prescribed medication among males, antidepressants and analgesics and antipyretics are the most frequently used drugs in episodes of self-harm. While analgesics and antipyretics are most commonly ingested during first episodes of self-harm, antipsychotics and antidepressants are more commonly used by repeaters. These findings suggest that the availability of medication ingested during the act of self-harm. Consequently, there are a number of implications for the prevention of suicidal behaviour: the number of prescriptions and tablets should be limited and the return of unused medication to pharmacies is advisable. These issues should be addressed in the education and training of physicians and pharmacies.
